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ABSTRACT 

The p r i n c i p a l  ESE used  for S a t u r n  l a u n c h e s  i s  
examined w i t h  regard t o  f a i l u r e  impact  and  a l t e r n a t e  s u p p o r t  
c a p a b i l i t y  d u r i n g  c r i t i c a l  o p e r a t i o n s .  O f  t h e  2 3  s y s t e m s  
examined,  n i n e  s y s t e m s ,  which  a r e  c l a s s i f i e d  "mandatory" i n  
t h e  AS 5 0 1  Launch M i s s i o n  R u l e s ,  o p e r a t e  w i t h o u t  comple t e  
redundancy  or a l t e r n a t e  s u p p o r t  p r o v i s i o n s .  

When a s y s t e m  i s  c l a s s i f i e d  "mandatory ,"  i t  i s  
i m p l i e d  t h a t  t h e  s y s t e m  h a s  a m i s s i o n - e s s e n t i a l  f u n c t i o n ;  
t h e r e f o r e ,  i t  a p p e a r s  l o g i c a l  t h a t  t h e s e  p r e f l i g h t  s y s t e m s  
s h o u l d  be t rea ted  i n  t h e  same manner as e s s e n t i a l  f l i g h t -  
s u p p o r t  s y s t e m s .  

It i s  t h e r e f o r e  recommended t h a t  t h e  a p p r o p r i a t e  
C e n t e r s  r e v i e w  t h e  c r i t i c a l i t y  of  t hese  s y s t e m s  and i d e n t i f y  
any  a c t i o n s  r e q u i r e d  t o  assure t h a t  f a i l u r e s  i n  any o f  them 
w i l l  n o t  j e o p a r d i z e  m i s s i o n  s u c c e s s .  

The r e q u i r e m e n t s  o f  d u a l - l a u n c h  m i s s i o n s  s h o u l d  be  
c o n s i d e r e d  i n  these  r e v i e w s .  
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SUBJECT: F a i l u r e  Impact  and Backup 
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S u p p o r t  ESE a t  KSC - Case 330 
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TM 67-2032-2 

I. 

TECHNICAL MEMORANDUM 

GENERAL 

A h i s t o r i c a l  su rvey  o f  169 Atlas,  T i t a n  and S a t u r n  I 
l a u n c h e s  a t  Cape Kennedy shows t h a t  1 0 5  s c r u b s  o c c u r r e d ;  54 
p e r c e n t  o f  t h e s e  s c r u b s  were a t t r i b u t e d  t o  v e h i c l e ,  33 p e r -  
c e n t  t o  GSE- malper formance ,  and 1 3  p e r c e n t  t o  i n c l e m e n t  
weather. O f  t h e  35 s c r u b s  caused  by m a l f u n c t i o n  of  GSE, some 
20 p e r c e n t  i n v o l v e d  E l e c t r i c a l  Ground S u p p o r t  Sys tems.  

1 

I n  t h e  c a s e  o f  l u n a r  l a n d i n g  m i s s i o n s ,  s c r u b s  beco.me 
much more c r i t i c a l .  A s c r u b  o c c u r r i n g  l a t e  i n  t h e  countdown 
w i l l  most l i k e l y  c a u s e  m i s s i n g  o f  a l a u n c h  o p p o r t u n i t y ,  and 
r e s u l t  i n  i m p a c t i n g  a reas  of n a t i o n a l  i n t e r e s t  l i k e  p r e s t i g e  
and  e x p e n s e s .  R e c y c l i n g  of  t h e  comple t e  m i s s i o n  s y s t e m ,  KSC, 
MCC-H, MSFN, ETR, r e c o v e r y  f o r c e s ,  l o s s  of  consumables  and con- 
t r a c t o r  man h o u r s  r e s u l t s  i n  s p e c i f i c a l l y  assessable  e x p e n s e s .  
Other  p e n a l t i e s  i n c l u d e  wear o u t  of t h e  hardware, p a r t i c u l a r l y  
f l i g h t  hardware, which becomes s u b j e c t e d  t o  a d d i t i o n a l  t e s t  
o p e r a t i o n s  and a d v e r s e  c l i m a t i c  env i ronmen t .  

It i s  n o t  i n t e n d e d  t o  u s e  t h e  p a s t  r e c o r d  o f  s c r u b s  
as a measure t o  p r e d i c t  t h e  number of S a t u r n  V s c r u b s  t h a t  may 
b e  c a u s e d  by  ESE, b u t  r a t h e r  t o  show t h a t  t h e y  c a n  b e  e x p e c t e d  
t o  o c c u r .  With t h e  i n c r e a s e d  dependency on ESE s y s t e m s ,  as 
compared t o  t h e  e a r l y  ESE/GSE o p e r a t i o n a l  s u p p o r t ,  more ESE 
f a i l u r e s  and a n  even  l a rge r  impact  on t h e  l a u n c h  o p e r a t i o n s  
c a n  b e  a n t i c i p a t e d .  

S c r u b s  caused  b y  t h e  f l i g h t  hardware have t o  be  
e x p e c t e d  and d e a l t  w i t h  w i t h i n  m i s s i o n  c o n s t r a i n t s  and f l i g h t  
hardware r e q u i r e m e n t s .  However, s c r u b s  caused  by t h e  ground- 
based  sys t ems  s h o u l d  be k e p t  a t  t h e  c o n c e i v a b l e  minimum. 

Although t h e  r e p o r t  emphas izes  S a t u r n  V s u p p o r t ,  i t  
i s ,  w i t h  f e w  e x c e p t i o n s ,  a l s o  a p p l i c a b l e  t o  t h e  Upra ted  S a t u r n  I 
V e h i c l e s  and f a c i l i t i e s .  

1 -For a b b r e v i a t i o n s ,  s ee  Attachment  2 .  
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11. OBJECTIVE 

- 2 -  

I n  o r d e r  t o  assess p o s s i b l e  ESE f a i l u r e s  c a u s i n g  
a s c r u b ,  e a c h  p r i n c i p a l  ESE sys tem p a r t i c i p a t i n g  i n  t h e  coun t -  
down o f  S a t u r n  V e h i c l e s  i s  examined. The  i m p a c t ,  i n  c a s e  o f  
f a i l u r e  o f  e a c h  s y s t e m ,  i s  de te rmined  and t h e  a v a i l a b i l i t y  o f  
r e d u n d a n t  f u n c t i o n s  or a l t e r n a t e  s u p p o r t  c a p a b i l i t y  i s  
examined.  A s  a r e s u l t  o f  t h i s  s t u d y ,  t h e  most c r i t i c a l  sys t ems  
or f u n c t i o n s  a re  i d e n t i f i e d .  The c r i t i c a l  sys t ems  a re  as 
c l a s s i f i e d ,  based upon t h e i r  b e i n g  mandatory t o  s u p p o r t  coun t -  
down and l a u n c h  o p e r a t i o n s  b u t  have no p r o v i s i o n s  f o r  comple t e  
redundancy  or a l t e r n a t e  s u p p o r t .  

O t h e r  r e l a t e d  problem areas  are  i d e n t i f i e d  which 
i n c l u d e  secondary  c o n s t r a i n t s  a r i s i n g  from t h e  redundancy  or 
backup r e q u i r e m e n t s .  

The sys t ems  c l a s s i f i e d  as "mandatory" a re  t h e  same as 
s p e c i f i e d  i n  t h e  AS 5 0 1  Launch Miss ion  Ru les .  Mandatory i s  
d e f i n e d  as b e i n g  e s s e n t i a l  f o r  a c c o m p l i s h i n g  a s p e c i f i c  m i s s i o n .  
A s  a r e s u l t ,  t h e  mandatory ass ignment  t o  a sys t em means t h a t  
t h e  o p e r a t i o n s  canno t  proceed  i f  t h a t  s y s t e m  f a i l s  l a t e  i n  
t h e  countdown. 

For t h e  pu rpose  of  t h i s  s t u d y ,  c e r t a i n  ground r u l e s ,  
w i t h  r e s p e c t  t o  t h e  p r o v i s i o n s  o f  a l t e r n a t e  s u p p o r t ,  are  
o b s e r v e d  i n  t h e  f o l l o w i n g  o r d e r  o f  c r i t i c a l i t y :  

1. Each o r g a n i z a t i o n  s h a l l  r e t a i n  i t s  a s s i g n e d  
r e s p o n s i b i l i t y  i n  t h e  o v e r a l l  t a s k  o f  l a u n c h  
p r e p a r a t i o n  and l aunch  s u p p o r t .  

2 .  No d e g r a d a t i o n  o f  t h e  s u p p o r t i n g  f u n c t i o n  
s h a l l  be  i n t r o d u c e d .  

3. E x i s t i n g  f a c i l i t i e s  are  c o n s i d e r e d  and 
a d d i t i o n  o f  hardware i s  avo ided  as much as 
p o s s i b l e .  

A system-by-system a n a l y s i s  i s  i n c l u d e d  as At tachment  1. 

111. SUMMARY 

The p r i n c i p a l  ESE t o  s u p p o r t  S a t u r n  l a u n c h e s  a t  KSC 
has been  examined w i t h  r e g a r d  t o  f a i l u r e  impact  and  a l t e r n a t e  
s u p p o r t  c a p a b i l i t y  d u r i n g  c r i t i c a l  o p e r a t i o n s .  

Of  t h e  2 3  p r i n c i p a l  s y s t e m s  examined,  n i n e  o f  t h e  
s y s t e m s ,  which a re  c l a s s i f i e d  "mandatory" i n  t h e  A S  501  
Launch M i s s i o n  R u l e s ,  o p e r a t e  w i t h o u t  comple t e  redundancy  o r  
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a l t e r n a t e  s u p p o r t  p r o v i s i o n s .  These sys t ems  and t h e  r e l a t ed  
c r i t i c a l i t i e s  i n  c a s e  o f  f a i l u r e  are l i s t e d  below: 

1. 

2 .  

3 .  

4. 

5.  

6 .  

7 .  

8 .  

KSC Timing System: t h e  d i s t r i b u t i o n  and sub- 
t i m i n g  s y s t e m s  a r e  n o t  a lways  a v a i l a b l e  i n  a 
r edundan t  c o n f i g u r a t i o n  or w i t h  a n  a l t e r n a t e  
s u p p o r t  c a p a b i l i t y .  T h e y  are  r e q u i r e d  f o r  t h e  
o p e r a t i o n  o f  mandatory ESE. (See  S e c t i o n  1.1.) 

Termina l  Countdown Sequence r :  c u t o f f  and sub- 
s e q u e n t  rese t  r e q u i r e s  some f o u r  h o u r s .  (See  
S e c t i o n  1 . 2 . )  

R C A - 1 1 O A  s y s t e m ,  s p e c i f i c a l l y  t h e  LUT computer  
s y s t e m :  loss o f  d i s c r e t e  o u t p u t  s w i t c h  s e l e c t i o n  
and c o n t r o l .  (See  S e c t i o n  1 . 3 . )  

Mis s ion  Suppor t  Room ( L V O ) :  loss of  s p e c i f i c  
m i s s i o n  r u l e  measurement m o n i t o r ,  f i r i n g  room 
and MCC-H s u p p o r t .  (See  S e c t i o n  1 . 5 . )  

D i g i t a l  Data A c q u i s i t i o n  System (DDAS): l o s s  
o f  f l i g h t  TM systems checkout  c a p a b i l i t y  
d u r i n g  open-loop t e s t  and l o s s  o f  LV checkou t  
data  d u r i n g  c losed - loop  t e s t  t o  L C C ,  MSR, ALDS 
and LIEF. (See  S e c t i o n  1 . 6 . )  

D i g i t a l  Event  E v a l u a t i o n  System ( D E E ) :  l o s s  
o f  da t a  m o n i t o r  d u r i n g  p r o p e l l a n t  l o a d i n g  and 
e n v i r o n m e n t a l  t e s t s .  (See  S e c t i o n  1 . 7 . )  

Data T r a n s m i s s i o n  System (DTS): loss 
o f  m o n i t o r  and c o n t r o l  c a p a b i l i t y  o f  pad 
c r i t i c a l  GSE. (See S e c t i o n  1.8) 

USB command l i n k :  loss of  AGC and LVDC u p d a t e  
c a p a b i l i t y  and l o s s  o f  real-t ime command 
c a p a b i l i t y  (Abor t  Advisory  and LVDC b a c k u p ) ,  
(See  S e c t i o n s  1.18 and 1 . 2 3 . )  

I n  a d d i t i o n  t o  t h e  sys t ems  l i s t e d  unde r  1 t h r o u g h  8 above ,  
some a d d i t i o n a l  sys t ems  c o n t a i n  a s e t  of  s p e c i a l  p rob lems :  

a .  ACE-SC r e q u i r e s  a second s t a t i o n  f o r  a l t e r n a t e  
s u p p o r t  c a p a b i l i t y  d u r i n g  c r i t i c a l  t e s t  o p e r a t i o n s .  
S c h e d u l i n g  r e q u i r e m e n t s  must r e f l e c t  t h i s  mode of  
o p e r a t i o n .  
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IV. 

b. Hardline Communication: Catastrophic events 
(fire, power loss) in central facilities such 
as CDSC, VABR, BRR disable all basic capability 
for hardline communications. 

CONCLUSIONS 

Supporting functions which are classified as "manda- 
tory" are, by definition, functions which are essential for 
accomplishing a mission. 

The Apollo Program Specification, SE 005-001-1, 
Rev. A, specifies in Section 3.1.3.3.4 ..... that no single 
failure shall prevent the successful continuation of the 
mission ..... Although this statement is primarily directed 
to vehicle and flight-support systems, it appears that, with 
the assignment of mandatory, the criticality o f  prelaunch ESE 
approaches that o f  the ground support systems used during 
flight. 

In consideration of the above, it seems appropriate 
to recommend that the appropriate Centers review the criticality 
of these systems and identify any actions required to assure 
that failures in any of them will not jeopardize mission success. 

The requirements of dual-launch missions should be 
considered in these reviews. 
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ATTACHMENT 1 

SYSTEMS ANALYSIS 

T a b l e  I p r e s e n t s  a l i s t  o f  p r i n c i p a l  ESE sys t ems  p a r -  
t i c i p a t i n g  i n  t h e  countdown. I n c l u d e d  are  KSC o u t l y i n g  s y s t e m s ,  
s u c h  as ETR, MCC-H and LIEF, s i n c e  t h e i r  f u n c t i o n s  p r e s e n t  a n  
i n t e g r a l  p a r t  o f  KSC o p e r a t i o n s  s u p p o r t .  

TABLE I 

KSC Timing System 
T e r m i n a l  Countdown Sequencer  
R C A - 1 1 O A  Computer System 
LCC Data D i s p l a y  
LVO M i s s i o n  Suppor t  Room 
DDAS 
DEE-3, DEE-6 Systems 
DTS 
ACE-SC 
CIF TM S t a t i o n  
CIF Data System 
LCC TM S t a t i o n  

PTC S 

F a c i l i t y  Comm. 01s 
KSC T r a c k i n g  
ALDS 
MCC-H 

USB-Station 
LIEF 
ETR Timing System 
Range S a f e t y  System 
H a r d l i n e  Comm. System 
Open Loop Comm. System 

F i g u r e  1 d e p i c t s  t h e  p r i n c i p a l  Data D i s t r i b u t i o n  
Network, which i s  e i t h e r  p a r t  o f  t h e  sys t ems  l i s t e d  i n  T a b l e  I 
or i n t e r f a c e s  w i t h i n  t h e s e  s y s t e m s .  The ne twork  shown 
i n c l u d e s  o n l y  t h e  b a s i c  T e l e m e t r y  and  Command L i n k s  i n  t h e  open 
o r  c l o s e d  l o o p  c o n f i g u r a t i o n .  

I n  t h e  f o l l o w i n g  s e c t i o n s ,  e a c h  s y s t e m  l i s t e d  i n  
T a b l e  I i s  d i s c u s s e d  w i t h  r e g a r d  t o  i n t e r f a c e  r e q u i r e m e n t s ,  
f a i l u r e  impact  and a l t e r n a t e  s u p p o r t  c a p a b i l i t y .  S e l e c t e d  
r e l a t ed  problem areas a re  i n c l u d e d .  

1.1 KSC Timing System 

a .  C o n f i g u r a t i o n  

The KSC Timing System g e n e r a t e s  and d i s t r i b u t e s  t i m e  
a n d  f r e q u e n c y  s i g n a l s  w i t h  t10 m i l l i s e c o n d s  a c c u r a c y .  The 
t i m i n g  g e n e r a t i o n  equipment-is l o c a t e d  i n  t h e  CIF;  p a r t  o f  t h e  
t i m i n g  d i s t r i b u t i o n  s y s t e m  i s  t h e  countdown c l o c k .  The Timing 
a n d  Countdown s y s t e m s  p r o v i d e  some 150 i n p u t s  t o  s u c h  f u n c t i o n s  
as  countdown d i s p l a y s ,  GMT, d i s c r e t e  f r e q u e n c i e s ,  s equence  
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c o n t r o l  and e v e n t  s i g n a l s .  Subt iming  s t a t i o n s  a t  MSOB, L C C ,  
VAB, LUT and PTCR r e c e i v e  and d i s t r i b u t e  t h e  t i m i n g  s i g n a l s  
f o r  l o c a l  u s e r s  such  as t h e  R C A - 1 1 O A  s y s t e m  and ACE-SC. 
C a l i b r a t i o n  i s  accompl i shed  th rough  WWV, VLF and Loran C t r a n s -  
mi t te rs ;  s y n c h r o n i z a t i o n  w i t h  ETR o c c u r s  t h r o u g h  cable  i n t e r f a c t , :  
a t  BRR and v i a  UHF a t  t h e  CIF .  

- 
L _  - -  Closed  o r  Open Loop (Test Dependent)  

- I Open Loop 
---& TM and CD 

--+ TM -_ _. 

FIGURE 1 

PRINCIPAL D A T A  DISTRIBUTION 
NETWORK 
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b .  F a i l u r e  ImDact 

1- 3 

F a i l u r e  o f  t h e  Timing and t h e  Countdown Systems 
d i s a b l e s  most ESE s u p p o r t  f u n c t i o n s .  Loss o f  momentary 
s y n c h r o n i z a t i o n  n e c e s s i t a t e s  a h o l d  and s u c c e s s i v e  r e i n i t i a l i -  
z a t i o n  of t h e  t i m i n g  sys t em users .  Loss  o f  s y n c h r o n i z a t i o n  
can  o c c u r  t h r o u g h  loss o f  t i m i n g  g e n e r a t i o n ,  d i s t r i b u t i o n  
sys t ems  f a i l u r e  o r  t h r o u g h  temporary s u r g e  of power.  

c .  A l t e r n a t e  Suppor t  

The t i m i n g  g e n e r a t i o n  s y s t e m  o p e r a t e s  i n  two i d e n -  
t i c a l  s e t s ,  on a r edundan t  s tandby bas i s .  Swi t chove r  i s  
accompl i shed  manua l ly .  

Power backup e x i s t s  by means of  s t a n d b y  b a t t e r i e s  
i n  t h e  CIF. 

I n  a d d i t i o n ,  a l te rna te  t i m i n g  s i g n a l s  can  b e  p ro -  
v i d e d  t h r o u g h  manual p a t c h i n g  t o  t h e  ETR t i m i n g  sys t em.  
However, t h e  d i s t r i b u t i o n  and s u b t i m i n g  s y s t e m s  do n o t  
p r o v i d e  comple t e  redundancy and most o f  t h e  d i s t r i b u t i o n  
ne twork  and s u b t i m i n g  systems o p e r a t e  on f a c i l i t y  power.  

1 . 2  Te rmina l  Countdown Sequencer  (TCS) 

The TCS i s  a s o l i d  s t a t e  d e v i c e ,  l o c a t e d  i n  t h e  LUT 
sequence  r a c k .  

Between T-187 s e c .  and T+20 s e c . ,  t h e  TCS i n i t i a t e s  
some 48 t i m e d  f u n c t i o n s  through o p e r a t i n g  o u t p u t  r e l a y s  i n  
a p r e a r r a n g e d  sequence .  These f u n c t i o n s  i n c l u d e  f u e l  t a n k  
p r e s s u r i z a t i o n ,  t r a n s f e r  t o  i n t e r n a l  power,  t e r m i n a t i o n  o f  
b u b b l i n g ,  turbopump b e a r i n g  hea te r  c u t o f f ,  u m b i l i c a l  arm 
d i s c o n n e c t ,  i g n i t i o n  sequence r  s t a r t ,  e t c .  The TCS i s  
s t a r t e d  a f t e r  c o m p l e t i o n  o f  t h e  i n t e r l o c k  c h a i n  p r e p a r a t i o n  
and  manual c l o s u r e  of  t h e  F i r i n g  Command Enab le  S w i t c h  i n  t h e  
T e r m i n a l  Sequence r  P a n e l  o f  t h e  LCC. Timing c o n t r o l  o f  t h e  
TCS i s  p r o v i d e d  t h r o u g h  a 1-pps  s i g n a l  from t h e  countdown 
c l o c k .  I n t e r r u p t  o f  t h e  TCS can  o c c u r  t h r o u g h  i n t e r f a c e  
c h a i n  c u t o f f  or manual c u t o f f ,  n e c e s s i t a t e d  i n  most c a s e s  
b y  a l a u n c h  v e h i c l e  sys t ems  anomaly. 

TCS m o n i t o r  and i n t e r l o c k  s t a t u s  i s  a v a i l a b l e  
t h r o u g h  t h e  R C A - 1 1 O A  d a t a  l i n k ,  ground DDAS, DEE equipment  
and s p e c i a l  h a r d w i r e .  D i s c r e t e  Output  C o n t r o l  by t h e  RCA-11OA 
computer ,  however ,  i s  i n h i b i t e d  d u r i n g  TCS o p e r a t i o n .  
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b .  F a i l u r e  Impact  

I n  a d d i t i o n  t o  c u t o f f s  i n i t i a t e d  by t h e  i n t e r l o c k  
s y s t e m ,  loss of countdown t i m i n g  o r  TCS f a i l u r e  g e n e r a t e s  
a n  i n t e r r u p t .  C u r r e n t  e s t i m a t e s  show t h a t  a TCS r e s e t  and 
r e c y c l e ,  w i t h o u t  r e p a i r ,  would a t  l e a s t  r e q u i r e  some f o u r  
h o u r s .  

c .  A l t e r n a t e  Suppor t  

No a l t e r n a t e  s u p p o r t  c a p a b i l i t y  e x i s t s  i n  c a s e  o f  
TCS f a i l u r e .  

1 . 3  R C A - 1 1 O A  Computer System 

a .  C o n f i g u r a t i o n  

The LU'I' based R C A - 1 1 O A  computer  s y s t e m  p r o v i d e s  t h e  
LVDC i n t e r f a c e ,  pe r fo rms  t h e  s w i t c h  s e l e c t i o n ,  m o n i t o r s  and 
c o n t r o l s  t h e  d i s c r e t e  o u t p u t s ,  m o n i t o r s  t h e  DDAS and c o n t a i n s  
t h e  d i s c r e t e  a c t i o n  t ab le s .  

The LCC R C A - 1 1 O A  computer c o n t r o l s  t h e  t e s t  e x e c u t i o n  
and  p r o v i d e s  t h e  d i s p l a y  s e r v i c e .  

I n t e r f a c i n g  w i t h  t h e  R C A - 1 1 O A  s y s t e m  are t h e  g round  
and  s t a g e  DDAS, DEE-3, PTCS, D i s p l a y  compute r  ( D D P - 2 2 4 ) ,  
PTCS, and  ACE-SC. The R C A - 1 1 O A  a l s o  p r o v i d e s  a n  i n p u t  
( p r e p a r a t i o n s  r e a d y )  for e n a b l i n g  i n i t i a t i o n  o f  t h e  TCS. 

b .  F a i l u r e  Impact  

F a i l u r e  of  t h e  LUT R C A - 1 1 O A  or a s s o c i a t e d  i n / o u t p u t  
and  s i g n a l  d i s t r i b u t i o n  equipment d i sab les  s w i t c h  s e l e c t i o n ,  
d i s c r e t e  o u t p u t  c o n t r o l  and i n h i b i t s  G & C  sys t ems  t e s t i n g .  

F a i l u r e  o f  t h e  LCCcomputer o r  a s s o c i a t e d  i n / o u t p u t  
d i s t r i b u t i o n  equipment  d i s r u p t s  t h e  L C C  f u n c t i o n  e x e c u t i o n  
c o n t r o l  and  d i s p l a y  c o n s o l e  s e r v i c e .  

O p e r a t i o n  o f  t h e  LUT computer  i s  a p r e r e q u i s i t e  f o r  
t h e  s t a r t  of t h e  TCS, and LCC computer  o p e r a t i o n  i s  mandatory 
f o r  DDP-224 computer  o p e r a t i o n .  

c .  A l t e r n a t e  Suppor t  

No a l t e r n a t e  s u p p o r t  c a p a b i l i t y  e x i s t s f o r  p e r f o r m i n g  
LUT computer  s w i t c h  s e l e c t i o n s  and d i s c r e t e  i n / o u t p u t  c o n t r o l ,  
e x c e p t  f o r  l i m i t e d  ha rdwi re  c o n t r o l s .  
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A manual s w i t c h  s e l e c t i o n  and d i s c r e t e  o u t p u t  con- 
t r o l  c a p a b i l i t y  e x i s t s  between t h e  L C C  and backup LUT R C A - 1 1 O A  
o p e r a t i o n s .  However, manual c o n t r o l  o f  2048  d i s c r e t e s  i s  
v e r y  cumbersome and i m p o s s i b l e  w i t h i n  t h e  t i m e  c o n s t r a i n t s  
of t h e  countdcwn o p e r a t i o n s .  T h e r e f o r e ,  manual c o n t r o l  i s  
o n l y  p l anned  f o r  some 4-6 d i s c r e t e  o p e r a t i o n s  a t  t h e  end of 
l a u n c h  countdown ( n o  T- t ime  estimate a v a i l a b l e ) .  

A d d i t i o n a l  hardwires are a v a i l a b l e  for emergency 
saf i n g  . 

LV and ESE s t a t u s  m o n i t o r i n g  i n  t h e  LCC i s  a v a i l -  
ab l e  i n d e p e n d e n t l y  o f  t h e  R C A - 1 1 O A  compute r s ,  by  means of  
t h e  DEE-6, DEE-3, DDAS and CIF t e l e m e t r y  s y s t e m s .  Each backup 
s y s t e m  d r i v e s  i t s  own d i s p l a y s ,  r e c o r d e r s ,  i n d i c a t o r s  or 
p r i n t e r s  t o  p r o v i d e  t h e  LCC man/equipment i n t e r f a c e .  

P r e p a r a t i o n s  a re  b e i n g  made t o  p r o v i d e  t h e  C I F  t e l e -  
m e t r y  data  v i a  DDP-224 computer t o  t h e  S a n d e r s  d i s p l a y s  upon 
r e q u e s t .  T h i s  would p r o v i d e  f o r  r e d u n d a n t  m o n i t o r i n g  capa- 
b i l i t y ;  however,  i t  would l i m i t  backup c a p a b i l i t y  i n  c a s e  o f  
DDP-224 computer  f a i l u r e .  

1 . 4  LCC Data D i s D l a v  and C o n t r o l  

a .  C o n f i g u r a t i o n  

The LCC Data Disp lay  and C o n t r o l  c o n s o l e s  a re  l o c a t e d  
i n  t h e  L C C  f i r i n g  rooms. They p r o v i d e  f o r  manual i n i t i a t i o n  
o f  t e s t  programs,  manual i n t e r r u p t i o n  o f  programmed e v e n t s  
and  c o n t a i n  t h e  CRT ( S a n d e r s )  d i s p l a y s ,  e v e n t  l i g h t s  and 
a n a l o g  meters. Command and d i s p l a y  i n t e r f a c e  between t h e  
c o n s o l e s  and t h e  R C A - 1 1 O A  computer i s  p r o v i d e d  by t h e  DDP-224 
computer  s y s t e m .  

b .  F a i l u r e  Impact  

F a i l u r e  o f  i n d i v i d u a l  d i s p l a y  and  c o n t r o l  c o n s o l e  
equipment  d i sab le s  t h e  moni tor  and  manual c o n t r o l  f u n c t i o n  
o f  a p a r t i c u l a r  s tage  or s y s t e m .  

F a i l u r e  o f  t h e  D D P - 2 2 4  s y s t e m  d i s a b l e s  t h e  c o n s o l e  
main d i s p l a y s  and t h e  manual c o n t r o l  c a p a b i l i t y  by  t h e  
s y s t e m s  t e s t  e n g i n e e r s  i n  a f i r i n g  room. A v a i l a b i l i t y  o f  
p r i n c i p a l  LCC Data D i s p l a y s  i s  mandatory f o r  l a u n c h  o p e r a t i o n s  
and  l a u n c h .  

c .  A l t e r n a t e  Suppor t  

I n d i v i d u a l  d i s p l a y  and c o n t r o l  c o n s o l e s  can  be  
backed up b y  o t h e r  c o n s o l e s  t h r o u g h  i n s e r t i o n  o f  a coded 
c a r d ,  t h u s  e n a b l i n g  a l t e r n a t e  program c a l l u p  f o r  d i s p l a y  and  
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c o n t r o l  s u p p o r t .  I n  c a s e  o f  comple t e  loss o f  t h e  DDP-224 
o p e r a t e d  d i s p l a y s  and c o n t r o l s ,  p a r t i a l l y  a l t e r n a t e  da ta  
p r e s e n t a t i o n  i s  a v a i l a b l e  from t h e  DEE-6, DEE-3, DDAS and CIF 
equipment .  T h e s e  a l t e r n a t e  da ta  p r e s e n t a t i o n s  a re ,  however,  
n o t  a lways  f eas ib l e  for r e a l  t ime data  a n a l y s i s .  

L i m i t e d  manual c o n t r o l  o f  d i s c r e t e  o u t p u t s  and 
emergency o p e r a t i o n s  can  be pe r fo rmed  t h r o u g h  d i r e c t  hard-  
l i n e  l i n k s .  I n c r e a s e d  computer program c o n t r o l  and ,  hence ,  
e l i m i n a t i o n  o f  t h e  madmach ine  i n t e r f a c e  i s  p o s s i b l e  t h r o u g h  
p r o g r e s s i v e  a u t o m a t i o n .  

1 . 5  LVO M i s s i o n  Suppor t  Room (MSR) 

a .  C o n f i g u r a t i o n  

The MSR i s  l o c a t e d  i n  t h e  CIF and i s  used  b y  LVO t o  
m o n i t o r  real- t ime data  from Upra ted  S a t u r n  I or S a t u r n  V l a u n c h  
V e h i c l e s  d u r i n g  p r e l a u n c h ,  l a u n c h  and p o s t l a u n c h  o p e r a t i o n s .  

The MSR i s  manned by  LV Systems E n g i n e e r s  whose 
r e s p o n s i b i l i t i e s  i n c l u d e  (1) m o n i t o r i n g  o f  m i s s i o n  r u l e s  
measurements ,  ( 2 )  b a c k i n g  up t h e  L C C  on o t h e r  c r i t i c a l  measure- 
ments, and ( 3 )  d i r e c t l y  s u p p o r t i n g  MCC-H f l i g h t  c o n t r o l  ope ra -  
t i o n s .  T h e  LV i n f o r m a t i o n  i s  p r e s e n t e d  on t r a j e c t o r y  d i s p l a y s ,  
CRT d i s p l a y s ,  s t r i p  c h a r t s ,  r e c o r d e r s  and v i d e o  d i s p l a y s .  A l l  
data i s  a v a i l a b l e  f rom t h e  CIF Data Core;  CRT d i s p l a y s  a re  
d r i v e n  b y  t h e  GE 635 computers ,  t h e  o t h e r  d i s p l a y s  are  d i r e c t l y  
d r i v e n .  D i r e c t  01s i n t e r f a c e  e x i s t s  w i t h  t h e  LCC f i r i n g  rooms, 
MCC-H and HOSC. 

b .  F a i l u r e  Impact  

M a l f u n c t i o n  of t h e  MSR r e s u l t s  i n  t h e  l o s s  o f  a man- 
d a t o r y  f u n c t i o n  d u r i n g  p r e l a u n c h  and l a u n c h  o p e r a t i o n s  and a 
h i g h l y  d e s i r a b l e  f u n c t i o n  d u r i n g  t h e  powered p h a s e s  of a 
m i  s s i o n .  

c .  A l t e r n a t e  Suppor t  

The  MSR performed f u n c t i o n s  a re  n o t  r e d u n d a n t  t o  
L C C ,  HOSC or MCC-H f u n c t i o n s .  Each o f  t h e s e  f u n c t i o n s ,  s u c h  
as m o n i t o r i n g  o f  l a u n c h  m i s s i o n  r u l e s  ( l i m i t  check o f  c r i t i c a l  
p a r a m e t e r s ) ,  sys t ems  e n g i n e e r i n g  s u p p o r t ,  LVO f l i g h t  c o n t r o l l e r  
o p e r a t i o n s  f o r  e v a l u a t i n g  sys tems pe r fo rmance  and  dynamic 
t r e n d s  of  t h e  n a v i g a t i o n a l  s y s t e m ,  e l e c t r i c a l  ne twork ,  mechan ica l  
and p r o p u l s i o n  s y s t e m s ,  or Abort Parameter m o n i t o r i n g  and LIEF 
o p e r a t i o n s  s u p p o r t  are u n i q u e l y  d e f i n e d  and have i n d i v i d u a l  
equipment  p r o v i d e d .  

No a l t e r n a t e  s u p p o r t  i s  a v a i l a b l e .  
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1 . 6  D i g i t a l  Data A c q u i s i t i o n  System (DDAS) 

a .  C o n f i g u r a t i o n  

The DDAS i s  l o c a t e d  i n  t h e  LUT base and t h e  L C C  and 
i s  used  f o r  t r a n s m i t t i n g  real- t ime da ta  from t h e  Launch V e h i c l e  
s y s t e m s  and t h e  GSE t o  L C C  f a c i l i t i e s  f o r  qu ick - look  d i s p l a y  
by means o f  t h e  measu r ing  s y s t e m  and f o r  da ta  p r o c e s s i n g  b y  
t h e  R C A - 1 1 O A  compute r s .  The DDAS i s  r e q u i r e d  f o r  t h e  S-IC, 
S-11, S-IVB, I U  and GSE. DDAS p r o v i d e d  checkout  da ta  i s  
s e n t  a l s o  t o  t h e  CIF f o r  d i s p l a y  p r o c e s s i n g  and t r a n s f e r  t o  
ALDS and LIEF equipment .  

Dur ing  TM open-loop t e s t s ,  t h e  DDAS i s  r e q u i r e d  f o r  
TM sys t ems  c h e c k o u t .  

b .  F a i l u r e  Impact  

F a i l u r e  o f  t h e  DDAS d i s a b l e s  p a r t  o f  t h e  real- t ime 
CRT d i s p l a y  i n p u t s  i n c l u d i n g  a l l  DDAS r e c o r d i n g s  and i n d i -  
c a t i o n s  of t h e  LCC measur ing  s y s t e m ,  and r e d u c e s  checkout  
d a t a  a v a i l a b i l i t y  t o  t h e  C I F ,  ALDS and LIEF, p a r t i c u l a r l y  
d u r i n g  c l o s e d  l o o p  t r a n s m i s s i o n  p h a s e s .  The h i g h  sampl ing  
r a t e  da ta  of t h e  DDAS i s  r e q u i r e d  t o  t h e  ALDS f o r  r e a d y i n g  
MCC-H equipment  and d e t e r m i n i n g  b a s e l i n e  da t a  f i l e s .  Hence, 
ALDS and DDAS a v a i l a b i l i t y  i s  mandatory p r i o r  t o  l a u n c h .  
O t h e r  mandatory r e q u i r e m e n t s  f o r  DDAS a v a i l a b i l i t y  e x i s t  for 
LV o r  TM sys t ems  open-loop t e s t s .  

c .  A l t e r n a t e  Suppor t  

Most of  t h e  i n f o r m a t i o n  c a r r i e d  o v e r  t h e  DDAS can  b e  
o b t a i n e d  i n  t h e  f i r i n g  room v i a  t h e  R C A - 1 1 O A  sys tem.  S e l e c t e d  
p a r a m e t e r s  are  a l s o  s u p p l i e d  t h r o u g h  t h e  DEE-3, DEE-6 and 
d i r e c t  measu r ing  sys t em.  

F l i g h t  TM da ta  i s  p r e s e n t e d  open l o o p  t o  t h e  LCC 
TM and  CIF TM s t a t i o n s  o r  c l o s e d  l o o p  t o  t h e  L C C  TM s t a t i o n .  
The F l i g h t  TM da ta ,  however,  d o e s  n o t  c o n t a i n  t h e  h i g h  r a t e  
da ta  r e q u i r e d  f o r  p r e l a u n c h  checkou t  and which i s  mandatory 
for LV TM sys t ems  open-loop t e s t s ,  ALDS,LIEF and MSR. 

No backup c a p a b i l i t y  i s  p r o v i d e d  i n  s u p p o r t  o f  t h e  
DDAS f o r  a l l  t h e  mandatory f u n c t i o n s  d u r i n g  open-loop t e s t s  
and  no comple t e  redundancy  e x i s t s  between t h e  LCC (DDAS) and 
CIF  t e r m i n a l  equ ipmen t s .  
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1 . 7  D i g i t a l  Event  E v a l u a t i o n  System ( D E E )  

a .  C o n f i g u r a t i o n  

The DEE System c o n s i s t s  o f  two s imilar  computer  
s y s t e m s ,  t h e  DEE-3 and t h e  DEE-6. The DEE-3 computer  i s  
l o c a t e d  i n  t h e  LCC; t h e  DEE-6 computer  i s  l o c a t e d  i n  t h e  LUT 
base.  

The DEE System i s  used  t o  m o n i t o r  and r e c o r d  a 
t o t a l  o f  2 8 3 2  t i m e  c r i t i c a l  d i s c r e t e  e v e n t s  and t o  f l a g  any 
d i s c r e p a n c y  between a c t u a l  and programmed e v e n t  s e q u e n c e s .  
The  DEE-3 m o n i t o r s  t h o s e  e v e n t s  which are  a s s o c i a t e d  w i t h  pro-  
p e l l a n t  l o a d i n g ,  e n v i r o n m e n t a l  c o n t r o l  and a s t r i o n i c s  sys t ems .  
The la rger  c a p a c i t y  DEE-6 i s  used  t o  m o n i t o r  o t h e r  d i s c r e t e  
e v e n t s .  DEE System s t a t u s  i n f o r m a t i o n  i s  p r e s e n t e d  on p r i n t e r s  
a n d  e v e n t  l i g h t s  i n  t h e  LCC f o r  real-t ime e v a l u a t i o n .  

b .  F a i l u r e  ImDact 

F a i l u r e  o f  t h e  DEE Systems o p e r a t i o n  r e s u l t s  i n  
l o s s  o f  t h e  r e a l - t i m e  mon i to r  c a p a b i l i t y  o f  t h e  LV p r o p e l l a n t  
s y s t e m s  which i s  mandatory d u r i n g  countdown and l a u n c h  o p e r a t i o n s ,  

c .  A l t e r n a t e  Suppor t  

A l l  DEE Systems p r o v i d e d  i n f o r m a t i o n  i s  a v a i l a b l e  
e i t h e r  v i a  R C A - 1 1 O A  sys t em ( 9 0 % )  or DDAS. However, t h i s  
da t a ,  p a r t i c u l a r l y  t h a t  f u r n i s h e d  by DDAS, i s  n o t  p r e s e n t e d  
on  equipment  and i n  a format  s u i t a b l e  f o r  real-time e v a l u a t i o n .  

Hence, no p r o p e r  a l t e r n a t e  s u p p o r t  c a p a b i l i t y  e x i s t s  
d u r i n g  countdown. 

1 . 8  Data T r a n s m i s s i o n  System (DTS) 
a .  C o n f i g u r a t i o n  6 

The DTS c a r r i e s  some 1 4 0 0  c o n t r o l  and moni to i - ing  
s i g n a l s  between t h e  LCC f i r i n g  room and t h e  PTCR i n  a s e r i a l i z e d  
PCM f o r m a t .  The DTS i n t e r f a c e s  w i t h  t h e  RP-1  s y s t e m s ,  LOX 
s y s t e m ,  LH2 s y s t e m ,  RCS, PTCS, pad s a f e t y  equipment ,  power 
c o n t r o l  and d i s t r i b u t i o n  equipment ,  n i t r o g e n  and he l ium sys t em.  
S t a t u s  d i s p l a y s  l o c a t e d  i n  t h e  f i r i n g  rooms p r o v i d e  f o r  DTS 
s t a t u s  i n f o r m a t i o n .  

b .  F a i l u r e  Impact 

F a i l u r e  o f  t h e  DTS t r a n s m i s s i o n  or PCM c o n d i t i o n i n g  
equipment  r e s u l t s  i n  loss o f  c r i t i c a l  GSE c o n t r o l  and m o n i t o r  
f u n c t i o n s .  
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c .  A l t e r n a t e  Suppor t  

No a l t e r n a t e  c o n t r o l  c a p a b i l i t y  i s  a v a i l a b l e  e x c e p t  
f o r  emergency s a f i n g ;  s e l e c t e d  s t a t u s  i n f o r m a t i o n  i s  p r o v i d e d  
v i a  t h e  a l t e r n a t e  r o u t e s  o f  DDAS and s p e c i a l  h a r d l i n e s .  

1.9 Acceptance  Checkout Equipment S p a c e c r a f t  (ACE-SC) 

a .  C o n f i g u r a t i o n  

Major ACE-SC equipment i s  l o c a t e d  e x t e r n a l l y  t o  t h e  
s p a c e c r a f t  on t h e  MSS and i n  t h e  MSOB computer and c o n t r o l  
rooms. 

I n  t h e  downl ink ,  real- t ime s p a c e c r a f t  data  i s  c o l -  
l e c t e d ,  s i g n a l  c o n d i t i o n e d ,  commutated, and t r a n s m i t t e d  t o  
t h e  MSOB v i a  h a r d l i n e s ,  t h e n  decommutated, and e v a l u a t e d  by . 
t h e  CDC 160G computers  for d i s p l a y  and r e c o r d .  Other  d i s p l a y s ,  
s u c h  as meters and  e v e n t  l i g h t s  a re  d i r e c t l y  d r i v e n  f rom t h e  
decommuta tors .  

I n  t h e  u p l i n k ,  t e s t  commands from t h e  MSOB c o n t r o l -  
room c o n s o l e s  a re  encoded by  t h e  command computer ,  t r a n s -  
m i t t e d  t o  t h e  g p a c e c r a f t  v i c i n i t y  equipment f o r  c o n d i t i o n i n g  
t o  i n i t i a t e  r e q u i r e d  r e l a y  o p e r a t i o n s .  

b .  F a i l u r e  Impact  

I n  t h e  downl ink ,  loss o f  e i t h e r  decommutator 
r e s u l t s  i n  loss of  e i t h e r  t h e  i n t e r l e a v e d  SC/GSE s y s t e m s  
s t a t u s  i n f o r m a t i o n ,  or t h e  a i r b o r n e  sys t ems  s t a t u s  i n f o r m a t i o n .  

L o s s  o f  downlink computer  r e s u l t s  i n  loss o f  CRT 
d i s p l a y  c a p a b i l i t y ,  i n c l u d i n g  t h e  l i m i t  c h e c k i n g  f e a t u r e  and 
some r e c o r d i n g  c a p a b i l i t y .  

Loss  o f  i n d i v i d u a l  d i s p l a y  sys t ems  d i s a b l e s  i n d i v i d u a l  
s y s t e m  d i s p l a y s  f o r  real-time e v a l u a t i o n .  

I n  t h e  u p l i n k ,  f a i l u r e  o f  t h e  command computer  r e s u l t s  
i n  loss of remote  command c o n t r o l  c a p a b i l i t y ,  e x c e p t  f o r  
emergency s a f i n g  v i a  s p e c i a l  h a r d l i n e s .  

Loss  o f  i n d i v i d u a l  s y s t e m s  c o n t r o l  c o n s o l e s  r e s t r i c t s  
p a r t i c u l a r  sys t ems  c o n t r o l .  F a i l u r e  o f  t h e  s p a c e c r a f t  v i c i n i t y  
equipment  i n h i b i t s  p a r t i a l  or comple t e  ACE-SC o p e r a t i o n s .  

C .  A l t e r n a t e  Suppor t  

The decommutators  c a n  b e  programmed t o  p r o v i d e  backup 
c a p a b i l i t y  i n  c a s e  of loss o f  e i t h e r  equipment .  However, 
p r o g r e s s i v e  a u t o m a t i o n  t h r o u g h  i m p l e m e n t a t i o n  of t h e  Decom 
Mod w i l l  no l o n g e r  a l l o w  f o r  t h i s  redundancy f e a t u r e .  
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I n c r e a s e d  ACE-SC au tomat ion  r e d u c e s  t h e  need  f o r  
c o n t r o l  c o n s o l e  a v a i l a b i l i t y .  

S w i t c h i n g  and p a t c h i n g  f a c i l i t i e s  e x i s t  which 
a l l o w  f o g  i n t e r c h a n g i n g  computer rooms and c o n t r o l  rooms of  
t h e  fourt’ACE-SC s t a t i o n s  i n  t h e  MSOB. 
c o n f i g u r a t i o n ,  p a r t i c u l a r l y  t h a t  o f  t h e  c o n t r o l  rooms,  v a r y ,  
depend ing  on t h e  s u p p o r t e d  s p a c e c r a f t ,  and s i n c e  t h e  computer  
and  decommutator programs have t o  b e  r e l o a d e d  and r e v e r i f i e d ,  
s w i t c h o v e r  i s  n o t  e a s i l y  accompl i shed .  F o r  t h i s  r e a s o n ,  
p r e v i o u s  ACE-SC o p e r a t i o n s  s u p p o r t  d u r i n g  countdown had been  
per formed w i t h  one comple t e  s t a t i o n  o p e r a t i n g  i n  p a r a l l e l  
( f r o m  T-32 h o u r s ) .  T h i s  mode o f  o p e r a t i o n  w i l l  most p r o b a b l y  
b e  m a i n t a i n e d  f o r  f u t u r e  l a u n c h e s .  

However, s i n c e  t h e  

S i n c e  e a r l i e r  t e s t s ,  such  as OAT # 2 ,  CDDT and FRT, 
migh t  l i k e w i s e  b e  c r i t i c a l  f o r  mee t ing  a s p e c i f i c  l a u n c h  
window, s imilar  ACE-SC u t i l i z a t i o n  might  become n e c e s s a r y  
d u r i n g  t h o s e  t e s t s .  However, i n  view o f  t h e  p r e s e n t l y  l i m i t e d  
number o f  a v a i l a b l e  ACE-SC s t a t i o n s ,  t h i s  would n e c e s s i t a t e  
i n c r e a s i n g  t h e  number o f  s t a t i o n s .  

1 . 1 0  CIF Te leme t ry  S t a t i o n s  

a. C o n f i g u r a t i o n  

The CIF T e l e m e t r y  S t a t i o n  i s  l o c a t e d  i n  t h e  CIF 
b u i l d i n g  and i s  used  t o  a c c e p t ,  c o n d i t i o n  and  p r o c e s s  t e l e -  
m e t r y  data f o r  wideband t r a n s m i s s i o n ,  computer  i n p u t ,  r e c o r d  
a n d  real-t ime d i s p l a y s .  

Incoming da ta  i n c l u d e s  S p a c e c r a f t  d a t a  f rom MSOB 
(ACE-SC), Launch V e h i c l e  data  from t h e  L C C  T e l e m e t r y  S t a t i o n  
(DDAS, open or c l o s e d  l o o p  F l i g h t  TM d a t a )  ETR/RTCS; Space 
V e h i c l e  da ta  from MCC-H ( remote  s i t e s  and  ALDS), M I L A  USB 
s i t e  and VMF ( T e l  I V ) .  Other  i n p u t s  a re  r e c e i v e d  a t  t h e  CIF 
Antenna F i e l d  and CIF r o o f  a n t e n n a s  and i n c l u d e  LV t e l e m e t r y ,  
f l i g h t  t e l e v i s i o n  and v e h i c l e  t r a c k i n g  s i g n a l s ,  ( O D O P ) .  

Outgoing da ta  i s  s t o r e d  i n  t h e  Data Core f o r  t r a n s -  
m i s s i o n  t o  MCC-H (ALDS), GSFC, ETR/RTCS, MSFC (LIEF) ,  and 
f o r  d i s t r i b u t i o n  t o  CIF Data  P r o c e s s o r s  f o r  CIF, LCC and  MSOB 
s p e c i a l  d i s p l a y  s y s t e m s  and  d i r e c t  a n a l o g  and  e v e n t  d i s p l a y s  
and  r e c o r d e r s .  

The TM s t a t i o n  i s  composed o f  f o u r  modules ,  each  o f  
which c a n  b e  o p e r a t e d  i n d e p e n d e n t l y  or i n  a combined c o n f i g u -  
r a t i o n .  A module r e f l e c t s  a p a r t i c u l a r  CSM/LV c o n f i g u r a t i o n  
and  i s  commit ted t o  a v e h i c l e  from FRT t h r o u g h  l a u n c h .  Two 
modules  are  used  t o  d r i v e  t h e  r e d u n d a n t  ALDS sys t em i n  

**KSC now has f o u r  ACE-SC s t a t i o n s ;  t h e r e  i s  a p o s s i b i l i t y  
of  t h i s  b e i n g  i n c r e a s e d  t o  f i v e  i n  t h e  l a t t e r  h a l f  o f  1967 .  
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p a r a l l e l  and t h e  d e s i g n  c r i t e r i a  i n c l u d e  two s i m u l t a n e o u s  
l a u n c h  s u p p o r t  r e q u i r e m e n t s ,  which accoun t  f o r  t h e  f o u r  
a v a i l a b l e  modules .  

b .  F a i l u r e  Impact  

F a i l u r e  of a t e l e m e t r y  s t a t i o n  module and p e r i p h e r a l  
equipment  d i s a b l e s  t h e  D a t a  C o r e  i n p u t s  a n d ,  t h e r e f o r e ,  t e l e -  
m e t r y  data  a v a i l a b i l i t y  t o  remote  u s e r s ,  such  as ALDS and 
LIEF. The l a t t e r  s u p p o r t  r e q u i r e m e n t s  a r e  mandatory f o r  
countdown and l a u n c h .  

c .  A l t e r n a t e  Suppor t  

nec  
r e q  

Redundant ALDS o p e r a t i o n ,  f rom FRT t h r o u g h  l a u n c h ,  
e s s i t a t e s  two s i m u l t a n e o u s  t e l e m e t r y  i n p u t s  a n d ,  t h e r e f o r e ,  
u i r e s  c o m p l e t e l y  redundant  o p e r a t i o n  of  two t e l e m e t r y  

modules .  I f  t h e  r e q u i r e m e n t  t o  s u p p o r t  two s i m u l t a n e o u s  
l a u n c h e s  i s  d e l e t e d ,  a d d i t i o n a l  equipment  i s  a v a i l a b l e  t o  
s u p p o r t  ALDS o p e r a t i o n  i n  c a s e  o f  a t e l eme t ry  s t a t i o n  module 
f a i l u r e .  

Al though F l i g h t  TM da t a  i s  p r o v i d e d  t o  MCC-H v i a  
USB s i t e  and GSFC, t h e  low-bi t  data  r a t e s  ( 2 . 4  k b s )  o f  t h i s  
l i n k ,  i n c l u d i n g  t h e  l o n g e r  de l ay  t imes,  do n o t  p r o v i d e  
s u f f i c i e n t  backup c a p a b i l i t y .  

I n  a d d i t i o n ,  t h e  CIF TM S t a t i o n  r e p r e s e n t s  t h e  
p o i n t  of  ETR i n t e r f a c e  w i t h  KSC-ETR i n p u t s  are p r o v i d e d  on 
r e d u n d a n t  wideband l i n k s  and v i a  UHF. 

F a i l u r e  i m p a c t s  of  i n d i v i d u a l  CIF i n t e r f a c i n g  
s y s t e m s  are  d i s c u s s e d  under  t h e  a p p r o p r i a t e  h e a d i n g s .  

1.11 CIF Data System 

a .  C o n f i g u r a t i o n  

The p r i n c i p a l  CIF d a t a  s y s t e m  i s  compr ised  of  t h e  
two GE 635 compute r s ,  which  a r e  used  f o r  o n - l i n e  p r o c e s s i n g  
o f  t e l e m e t r y  da ta  f o r  qu ick- look  e v a l u a t i o n  and d i s p l a y .  
I n t e r f a c i n g  w i t h  t h e  GE 635 a r e  t h e  CIF t e l e m e t r y  s t a t i o n  v i a  
Data Core and t h e  CIF d i s p l a y  s y s t e m  i n  t h e  CIF (MSR) and L C C  
F i r i n g  Rooms. O t h e r  GE 635 f u n c t i o n s  i n c l u d e  s c i e n t i f i c  da ta  
p r o c e s s i n g  and a d m i n i s t r a t i v e  da t a  h a n d l i n g .  

A d d i t i o n a l  d a t a  sys t ems  i n c l u d e  two s p e c i a l - p u r p o s e  
compute r s  which a re  used  f o r  s u p p o r t i n g  data  t r a n s m i s s i o n  t o  
LIEF and two Univac 1 0 0 4  computers  f o r  c a r d  h a n d l i n g  and 
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p r i n t o u t  g e n e r a t i o n  i n  s u p p o r t  o f  t h e  GE 635 ,  GE 235 and  
R C A - 1 1 O A  compute r s ;  a t h i r d  Univac 1004 i s  used  f o r  countdown 
documen ta t ion  p r e p a r a t i o n .  

The GE 235 i s  used i n  s u p p o r t  o f  t h e  GE 635 com- 
p u t e r  f o r  o n - l i n e  TM d a t a  p r o c e s s i n g  and s c i e n t i f i c  d a t a  
r e d u c t i o n ,  p a r t i c u l a r l y  i n  t h e  a rea  of  G & C  s y s t e m s  per formance  
e v a l u a t i o n .  

I n  a d d i t i o n ,  two SDS 930 computers  r e d u c e  t e l eme t ry  
d a t a  f o r  ALDS d a t a  t r a n s m i s s i o n  and a GE 415 computer  i s  used  
f o r  t e s t - t a p e  g e n e r a t i o n  and documen ta t ion  p r e p a r a t i o n .  

An i n t e g r a l  p a r t  of t h e  CIF Data System i s  t h e  Data 
Core ,  which i s  c a p a b l e  of r e c e i v i n g  PCM, PDM, PAM and  a n a l o g  
s i g n a l s  f o r  c o n d i t i o n i n g  and s t o r i n g  i n  a d i g i t a l  f o r m a t .  
I n p u t  s o u r c e s  i n c l u d e  LCC TM, DDAS h a r d l i n e s ,  CIF a n t e n n a  
( t e l e m e t r y )  sys t ems  and ETR s i g n a l s ,  b o t h  l o c a l  and downrange. 
User sys t ems  i n c l u d e  quick- look  d i s p l a y s ,  t h e  t e l e m e t r y  ground 
s t a t i o n ,  t h e  ALDS and L I E F  r e a l - t i m e  t r a n s m i s s i o n  sys t ems  and 
t h e  GE 635 real-t ime programs.  

b .  F a i l u r e  Impact  

F a i l u r e  o f  t h e  GE 635 and GE 235 s y s t e m s  d i s a b l e s  
t h e  real-t ime CIF d i s p l a y  system i n  t h e  CIF (MSR) and LCC 
F i r i n g  Room, and c a u s e s  l o s s  o f  some s c i e n t i f i c  d a t a  
p r e p a r a t i o n .  

Real-time d i s p l a y s  d r i v e n  b y  t h e  GE 635 computer  
are r e q u i r e d  f o r  p r o p e r  MSR o p e r a t i o n ,  which i s  mandatory 
d u r i n g  p r e l a u n c h ,  l a u n c h  and powered f l i g h t .  The L C C  s u p p o r t  
by t h e  GE 635 and GE 235 computers ,  however,  p r e s e n t s  a 
s e c o n d a r y  f u n c t i o n .  

Loss  of  t h e  ALDS and LIEF s u p p o r t  s y s t e m s  (SDS 930, 
LIEF s p e c i a l - p u r p o s e  computers  and Data Core)  a re  d i s c u s s e d  
i n  S e c t i o n s  3 .16  and 3 . 1 9  on ALDS and L I E F , r e s p e c t i v e l y .  

c .  A l t e r n a t e  S u p p o r t  

Al though t h e r e  a r e  two GE 635 compute r s  a v a i l a b l e ,  
c o m p l e t e  redundancy  or backup s u p p o r t  d o e s  n o t  e x i s t  f o r  MSR 
o p e r a t i o n .  (See  S e c t i o n  3 .5 . )  

S i n c e  t h e  CIF s u p p o r t  f u n c t i o n s  f o r  t h e  LCC a re  o f  
a s e c o n d a r y  n a t u r e ,  s u f f i c i e n t  backup i s  a v a i l a b l e  and  a l l  
c o m p u t a t i o n s  f o r  s y s t e m s  ( p a r t i c u l a r l y  G & C )  e v a l u a t i o n  and 
d a t a  p r o c e s s i n g  f o r  d i s p l a y  and r e c o r d ,  are  p r o v i d e d  t h r o u g h  
p r i m a r y  l a u n c h  o p e r a t i o n s  s u p p o r t  s y s t e m s ,  s u c h  as t h e  R C A - 1 1 O A  
and  DDAS s y s t e m s .  
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Suppor t  o f  mandatory f u n c t i o n s  s u c h  as f o r  ALDS 
and  L I E F  are  p r o v i d e d  i n  redundant  f a s h i o n ,  i n c l u d i n g  Data 
Core and da ta  p r o c e s s o r s .  

1 . 1 2  LCC T e l e m e t r y  S t a t i o n  

a. C o n f i a u r a t i o n  

The L C C  Te leme t ry  S t a t i o n  i s  used  t o  e v a l u a t e  t h e  
pe r fo rmance  o f  e a c h  LV t e l e m e t r y  l i n k  d u r i n g  p r e l a u n c h  t e s t s  
and  t o  r e c e i v e  and  c o n d i t i o n  t e l e m e t r y  da ta  d u r i n g  i n t e g r a t e d  
t e s t s  and l a u n c h .  The TM s t a t i o n  i s  l o c a t e d  on t h e  second  
floor o f  t h e  KSC-LCC b u i l d i n g  and o p e r a t e s  open l o o p  t o  
a n t e n n a s  on t h e  r o o f  o f  t h e  LCC w h i l e  t h e  v e h i c l e  i s  a t  t h e  
pad.  T e l e m e t r y  i n p u t s  c o n s i s t  o f  PAM/FM/FM, PCM ( v i d e o  
r e c e i v e r  and D D A S )  and SS/FM s i g n a l s .  The i n f o r m a t i o n  i s  
t r a n s m i t t e d  f rom t h e  LCC TM s t a t i o n  v i a  h a r d l i n e  t o  t h e  CIF 
Data Core.  

b .  F a i l u r e  Impact  

F a i l u r e  o f  t h e  LCC TM s t a t i o n  i n h i b i t s  checkout  and 
m o n i t o r i n g  o f  t h e  LV TM s y s t e m s .  These  checkou t  o p e r a t i o n s  
a re  mandatory  f o r  countdown and l a u n c h .  

Loss  of  D D A S  and TM i n f o r m a t i o n  to t h e  CIF d i s a b l e s  
Data Core TM i n p u t s .  A v a i l a b i l i t y  o f  t h i s  da ta  i s  mandatory 
for ALDS and LIEF s u p p o r t .  

c .  A l t e r n a t e  Suppor t  

T e l e m e t r y  m o n i t o r i n g  and da t a  d i s t r i b u t i o n  i s  p r i -  
m a r i l y  o b t a i n e d  by t h e  DDAS and R C A - 1 1 O A  s y s t e m s  d u r i n g  c l o s e d -  
l o o p  t e s t s .  

A d d i t i o n a l  open loop  TM t r a n s m i s s i o n  l i n k s  e x i s t  
i n  S-Band t o  t h e  USB s i t e  and from t h e r e  i n  h a r d l i n e  to t h e  
CIF Data Core o r  v i a  GSFC t o  MCC-H; and i n  VHF v i a  T e l  I1 or 
v i a  CIF a n t e n n a s  ( s e l e c t e d  S-Band a l s o )  t o  t h e  C I F  Data Core .  

Data Core i n p u t s  f rom D D A S  ( P C M ) ,  L C C  TM (FM/FM, PCM, 
PAM) o r  C I F  TM (FM/FM/PCM/S-Band) are p r o v i d e d  on t h r e e  separate 
l i n k s  and a re  s e l e c t e d  a l t e r n a t i v e l y .  The L C C / C I F  i n t e r f a c e  
l i n k s  c o n s i s t  o f  A 2 A  wideband l i n k s  f o r  t h e  DDAS i n f o r m a t i o n  
and  19 gauge l i n e s  f o r  t h e  LCC TM da ta .  L i m i t e d  backup i s  
p r o v i d e d .  (See S e c t i o n  .22. ) 

* 
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1 . 1 3  Propellant Tanking Computer System (PTCS) 

a. Configuration 

The PTCS is used to monitor propellant loading and 
to control the replenish/adjust drain operations of the pro- 
pellants in all Launch Vehicle stages. The PTCS consists of 
six separate systems to provide independent control of each 
tank or tank set. PTCS equipment is located inthe LUT and 
in the LCC. Centralized control and monitoring of the 
automatic system is provided at PTCS consoles in the LCC. 

The system operates in an automatic mode or a 
manual mode using separate equipment. The mode of operation 
is selected at the LCC consoles. 

b. Failure Impact 

Failure of the primary, automated mode of PTCS 
operation necessitates switchover to the manual mode. Failure 
in the transmission link between the AGCS and the LCC terminal 
equipment necessitates use of redundant transmission equipment. 

Neither failure would significantly delay countdown 
operations. 

c. Alternate Support 

The primary, automated PTCS equipment is completely 
duplicated by means of a manual system, including sensor 
assembly, analog computing equipment, propellant control 
network, valve control assembly and transmission equipment. 

1.14 Operational Intercom System (01s)-RF 

a. Configuration 

The 01s-RF provides voice communciation between all 
major facilities of the Launch c,omplex, the industrial area 
and to outlying areas such as MSFC via LIEF and MSC via ALDS. 

The 01s consists of 112 RF channels via coax cable 
and a supplementary 10-channel UHF link to theLuywhile in 
transit. Each station of the system can communicate over any 
of its 112 channels. 

Other equipment pertaining to the system include 
recording equipment for all or selected channels, failure 
detection equipment, displays for maintenance and interfacing 
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equipment to the public address and paging system. The Switching 
and Monitoring Center is located in the Communications Control 
Room in the LCC. 

b. Failure Impact 

Failure of an individual channel requires switchover 
to an alternate channel. 

Failure of a primary mission amplifier means loss 
of a Local Communications Area (LCA). Manual switchover to 
a secondary system takes some 5-10 minutes, except in cases 
of l o s s  of Launch Pad LCA during hazardous operations. The 
repair time is increased for safing operations and transfer 
of repair crew. 

In case of dual missions, and use of dual-mission 
amplifiers (primary and alternate), work around is necessary, 
requiring some 30 minutes. 

c. Alternate Support 

Automatic switchover capability is available between 
the individual channels assigned to a mission. Manual switch- 
over to redundant equipment is available in case of amplifier 
and switching circuitry failure. 

Power backup is provided through standby batteries. 

During partial or complete l o s s  of the OIS, temporary 
backup can be maintained via the public address or paging 
system, such as during the periods of manual switchover or 
repair. 

1.15 KSC Tracking 

a. Configuration 

The KSC Tracking System comprises the ODOP System 
which provides trajectory information during first stage 
powered flight and can be used for impact prediction by the 
Range Safety Officer. 

ODOP provided information is conditioned in the CIF 
and transferred to the ETR Real Time Computer System (RTCS) 
for processing. The processed data then is presented in the 
LCC. Provisions exist also to transmit ODOP data to ALDS 
for real-time analysis and to HOSC for post-flight analysis. 

b. Failure Impact 

Failure of the ODOP System does not critically affect 
the prelaunch or launch operations. 
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P a r t i c i p a t i o n  o f  t h e  ODOP System i n  a p a r t i c u l a r  
m i s s i o n  i s  n o t  mandatory and loss o f  ODOP p r o v i d e d  data i s  
n o t  c o n s i d e r e d  c r i t i c a l .  

c .  A l t e rna te  Suppor t  

The  p r i m a r y  s y s t e m s  f o r  p r o v i d i n g  t r a j e c t o r y  i n f o r -  
ma t ion  and data  f o r  impact  p r e d i c t i o n  a re  E T R ' s  C-Band Radars 
and  Azusa Sys tems.  (See  S e c t i o n  3 . 2 1 . )  P l a n s  e x i s t  t o  
d e a c t i v a t e  Azusa and i n c r e a s e  t h e  C-Band Radar c a p a c i t y .  

1 . 1 6  A ~ o l l o  Launch Data Svstems (ALDS) 

a .  C o n r i g u r a t i o n  

The ALDS i s  used  t o  t r a n s m i t  s e l e c t e d  up range  and  
downrange data from t h e  CIF t o  MCC-H f o r  f l i g h t  c o n t r o l  d i s -  
p l a y  p u r p o s e s .  A subsys tem of t h e  ALDS, t h e  Countdown and  
S t a t u s  T r a n s m i s s i o n  Subsystem (CASTS) i s  s p e c i f i c a l l y  used  t o  
t r a n s m i t  countdown t i m e  and up t o  1 2 0  countdown e v e n t  s i g n a l s .  
Another  subsys t em,  t h e  Apollo Launch T r a j e c t o r y  Data Subsys tem 
(ALTDS), p r o v i d e s  real-t ime t r a j e c t o r y  data  from l i f t o f f  t h r o u g h  
s u b o r b i t a l  f l i g h t  and p r o v i d e s  impact  p o i n t  i n f o r m a t i o n  from 
E T R ' s  RTCS. The ALDS i s  l o c a t e d  i n  t h e  CIF and c o n s i s t s  of two 
SDS 930 computers  and a s s o c i a t e d  i n t e r f a c e  equipment .  I n f o r -  
m a t i o n  i s  s e l e c t e d  from e i t h e r  CIF Data Core f o r  f o r m a t t i n g  
and  t r a n s m i s s i o n  t o  MSC. 

R e t r i e v a b l e  Data Core c o n t e n t s  a r e  o b t a i n e d  f rom 
CIF a n t e n n a s ,  T e l  I V ,  M I L A  USB s i t e  ( i n c l u d i n g  GSFC p r o v i d e d  
i n f o r m a t i o n ) ,  ETR (downrange) ,  LCC TM s t a t i o n ,  DDAS and MSOB. 
The ALDS i s  d e s i g n e d  f o r  comple te  redundancy ,  i n c l u d i n g  
a n t e n n a s ,  Data Core ,  computers ,  t r a n s m i s s i o n  l i n k s  and 
t e r m i n a l  equipment  a t  MSC. 

b .  F a i l u r e  Impact  

The ALDS i s  mandatory f o r  l a u n c h  o p e r a t i o n s .  Loss  
o f  ALDS da ta  means l o s s  o f  r e a l - t i m e  d i s p l a y s  f o r  c o o r d i n a t i n g  
MSC/KSC s u p p o r t  o p e r a t i o n s  and f o r  t r a j e c t o r y  a n a l y s i s  i n  
e a r l y  f l i g h t .  

c .  A l t e r n a t e  Suppor t  

The ALDS i s  o p e r a t i n g  i n  comple t e  r edundancy .  

An a d d i t i o n a l  backup c a p a b i l i t y  e x i s t s  v i a  USB/GSFC. 
However, t h e  USB l i n k  c o n t a i n s  o n l y  low-b i t  r a t e  t e l e m e t r y  
data  ( 2 . 4  k b s  vs  40 .8  k b s ) ,  which i s  n o t  a lways  s u f f i c i e n t  
f o r  h i g h  acc i i r acy  sys tems e v a l u a t i o n .  ( S t u d i e s  are  p r e s e n t l y  
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b e i n g  made f o r  p o s s i b l e  d a t a  r a t e  i n c r e a s e . )  I n  a d d i t i o n ,  
t h e  USB/GSFC r o u t e  p r e s e n t s  a d e l a y  f a c t o r  o f  t h r e e  ( 3 )  as 
compared t o  t h e  ALDS l i n k .  

1 . 1 7  M i s s i o n  C o n t r o l  Cen te r  - Houston (MCC-H)  

a .  C o n f i g u r a t i o n  

P r i n c i p a l  subsys tems of  MCC-H are  t h e  M i s s i o n  
O p e r a t i o n s  Computer System (MOCS), t h e  Communications Command 
and T e l e m e t r y  System (CCATS) and t h e  M i s s i o n  O p e r a t i o n s  
C o n t r o l  Room ( M O C R ) .  

ALDS and MSFN t e l e m e t r y  and t r a c k i n g  da ta  i s  
a c q u i r e d  b y  t h e  two Univac 494 computers  o f  CCATS f o r  f o r -  
m a t t i n g  and s w i t c h i n g  t o  t h e  MOCS ( I B M  3 6 0 / 7 5 ) ,  DCS. The 
CCATS computers  o p e r a t e  i n  p a r a l l e l  f o r  b o t h  ALDS and MSFN 
da ta .  

The MOCS p r o c e s s e s  da ta  f o r  d i s p l a y s  and a n a l y s i s  
by t h e  f l i g h t  c o n t r o l l e r s  i n  t h e  MOCR and p r e p a r e  t h e  rea l -  
t i m e  commands for t h e  DCS. Of t h e  f o u r  IBM 360/75 computers  
a v a i l a b l e  a t  MCC-H, any combina t ion  f o r  o p e r a t i n g  t h e  MOCS 
can  b e  e s t a b l i s h e d ,  such  a s  one computer  f o r  e a c h  of t h e  two 
M O C R ' s  w i t h  r e d u n d a n t  backup, or two p a r a l l e l  computers  for 
one  MOCR w i t h  s p a c e  f o r  program development  or m i s s i o n  
s i m u l a t i o n s .  

b .  F a i l u r e  Impact  

P r o p e r  MCC-H o p e r a t i o n  i s  l a u n c h  and m i s s i o n  manda- 
t o r y .  F a i l u r e  of any of  t h e  major  MCC-H s y s t e m s ,  CCATS, 
MOCS o r  MOCR n e c e s s i t a t e s  s w i t c h o v e r  t o  t h e  s t a n d b y  s y s t e m s .  
S i n c e  a l l  backup sys t ems  o p e r a t e  i n  a s t a n d b y  mode, t h e  l o s s  
i n  t i m e  depends  on t h e  r e q u i r e d  manual s w i t c h o v e r  o p e r a t i o n .  

c .  A l t e r n a t e  Suppor t  

O t h e r  t h a n  t h e  comple t e ly  r e d u n d a n t  MCC-H s y s t e m s ,  
no a l t e r n a t e  s u p p o r t  i s  a v a i l a b l e .  

1.18 U n i f i e d  S-Band S t a t i o n  (USB S t a t i o n )  

a .  C o n f i g u r a t i o n  

The USB s t a t i o n  i s  used  (1) t o  t r a n s f e r  MCC-H 
g e n e r a t e d  command l o a d s  t o  t h e  LVDC and AGC memories which 
c o n t a i n  ephemeris  and maneuver d a t a ,  ( 2 )  t o  g e n e r a t e  and 
t r a n s f e r  real- t ime commands for CSM and LV s w i t c h  s e l e c t i o n  
and  o p e r a t i o n  and ( 3 )  t o  a c c e p t  and  t r a n s f e r  t e lemet ry  da ta ,  
c o n t a i n i n g  sys t em s t a t u s  i n f o r m a t i o n .  
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The USB s t a t i o n  c o n t a i n s  S-Band and  UHF a n t e n n a s  
f o r  t e l e m e t r y  and commands, two Univac 6 4 2 B  compute r s ,  one 
f o r  t h e  t e l eme t ry  and one f o r  t h e  command d a t a ;  f l i g h t  con- 
t r o l l e r  c o n s o l e s  and t e r m i n a l  equipment  f o r  b o t h  40 .8  kbs  and 
2.4 k b s  d a t a  l i n k s .  I n t e r f a c i n g  w i t h  t h e  USB s t a t i o n  a re  
incoming da ta  l i n k s  ( 4 0 . 8  kbs )  f rom CIF/ALDS and incoming com- 
mand l i n k s  ( 2 . 4  k b s )  from MCC-H v i a  GSFC; o u t g o i n g  command 
l i n k s  ( 2 . 4  k b s )  as p a r t  o f  t h e  DRUL (Down Range Updata  L i n k ) ,  
o u t g o i n g  da ta  l i n k s  ( 2 . 4  k b s )  t o  t h e  GSFC communicat ions 
p r o c e s s o r s  f o r  t r a n s f e r  o f  TM da t a  t o  MCC-H and MSFN, and 
o u t g o i n g  d a t a  l i n k s  ( 2 . 4  kbs )  t o  C I F ' s  Data  Core .  

Dur ing  p r e l a u n c h  o p e r a t i o n s ,  t h e  USB s i t e  i s  r e q u i r e d  
f o r  a l l  MCC-H/KSC i n t e r f a c e  t e s t s ,  which c o n s i s t  o f  t h e  S IT ,  
SFT, FRT, CDDT and CD.  The 2 . 4  k b s  l i n k s  c a r r y  t h e  TM d a t a  of 
t h e  i n f l i g h t  c o n f i g u r a t i o n  and data r a t e s ,  t h e  40 .8  k b i t  l i n k s  
(ALDS) c a r r y  t h e  d a t a  o f  t h e  p r e l a u n c h  c o n f i g u r a t i o n  and a t  
a h i g h e r  s ampl ing  r a t e ,  which i s  r e q u i r e d  t o  e s t a b l i s h  b a s e  
l i n e  d a t a  r e c o r d s  and t o  p r o v i d e  i n c r e a s e d  a c c u r a c y .  Dur ing  
countdown, l a u n c h  and f i r s t  phase  o f  f l i g h t ,  t h e  command 
l i n k  v i a  USB s i t e  p r o v i d e s  backup command c a p a b i l i t y  f o r  on- 
b o a r d ,  LVDC program c o n t r o l l e d ,  o p e r a t i o n s  and  p r e s e n t  one 
o u t  o f  two c u e s  t o  t h e  Abort Advisory  System i n t e r f a c i n g  w i t h  
t h e  a s t r o n a u t s .  (The second cue  i s  p r e s e n t e d  v i a  v o i c e  l i n k . )  
Dur ing  t h e  f l i g h t ,  t h e  remote s i t e s  o f  t h e  MSFN pe r fo rm t h e  
command and t e l e m e t r y  f u n c t i o n s  of  t h e  USB s i t e .  

b .  Failure Impact 

During  SIT,  SFT, FRT, C D D T ,  C D ,  l a u n c h  and e a r l y  
f l i g h t ,  o p e r a t i o n a l  s u p p o r t  by t h e  USB s t a t i o n  i s  mandatory .  
Loss  of  t h e  USB s i t e  d i s a b l e s  MCC-H/KSC i n t e r f a c e  c a p a b i l i t y  
f o r  command s u p p o r t  c o m p l e t e l y ,  and for TM d a t a  t r a n s f e r  
p a r t i a l l y .  

c .  A l t e rna te  Suppor t  

A l t e r n a t e  command and TM s u p p o r t  i s  a v a i l a b l e  l o c a l l y  
a t  KSC and p r o v i d e s  a t  l e a s t  a t empora ry  s u p p o r t  c a p a b i l i t y  
d u r i n g  p r e l a u n c h  o p e r a t i o n s  w i t h  p a r t i a l  s u b s t i t u t i o n  of  MCC-H 
by means o f  t h e  R C A - 1 1 O A  s y s t e m  and ACE-SC. 

Wi th in  t h e  USB s t a t i o n ,  l i m i t e d  redundancy  e x i s t s  
be tween t h e  command and t e l e m e t r y  computers  which a re  p ro -  
grammed t o  pe r fo rm t h e  a l t e r n a t i v e  f u n c t i o n  i n  a r educed  mode 
o f  o p e r a t i o n .  

L o c a l  command and t e l e m e t r y  s u p p o r t  i s  a v a i l a b l e  
t h r o u g h  t h e  R C A - 1 1 O A  sys tems to t h e  LVDC and t h r o u g h  ACE-SC 
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t o  t h e  A G C .  However, command c o n t r o l  t h r o u g h  ACE-SC i s  d i s -  
c o n t i n u e d  a f t e r  SC c l o s e o u t  (T-14  h r s . )  and t h e  d i s c r e t e  o u t -  
p u t  c o n t r o l  t h r o u g h  t h e  R C A - 1 1 O A  s y s t e m  i s  l o c k e d  o u t  w i t h  
t h e  s t a r t  of  TCS o p e r a t i o n  (T-187 s e c . ) .  

P r e l a u n c h  f l i g h t  TM and c e r t a i n  checkou t  TM i s  
a l s o  a v a i l a b l e  t h r o u g h  h a r d l i n e  and RF l i n k s  v i a  ALDS on t h e  
4 0 . 8  k b s  da t a  l i n k s .  C u r r e n t  p l a n n i n g  c o n s i d e r s  d u p l i c a t i o n  
of  a l l  USB s t a t i o n  e s s e n t i a l  equ ipmen t ,  i n c l u d i n g  TM and 
command a n t e n n a s  and computers .  The p r imary  r e a s o n  f o r  t h e  
d u p l i c a t i o n  i s  d u a l  m i s s i o n  s u p p o r t ;  t h i s  d u p l i c a t e  c o n f i g u -  
r a t i o n ,  however,  w i l l  a l s o  p r o v i d e  comple t e  backup c a p a b i l i t y .  
1.19 Launch I n f o r m a t i o n  Exchange F a c i l i t y  (LIEF) 

a. C o n f i g u r a t i o n  

LIEF i s  used t o  t r a n s f e r  i n f o r m a t i o n  between KSC 
and MSFC (1) t o  p r o v i d e  e n g i n e e r i n g  s u p p o r t  i n  t h e  areas 
of  p r o p u l s i o n ,  n a v i g a t i o n  and e l e c t r i c a l  n e t w o r k s ,  ( 2 )  t o  
p r o v i d e  a d v i s o r y  s u p p o r t  r e l a t i v e  t o  t h e  l a u n c h  env i ronmen t ,  
s p e c i f i c a l l y  wind c o n d i t i o n ,  ( 3 )  f o r  p o s t - t e s t  data  a n a l y s i s .  
TM da ta  i s  r e t r i e v e d  from t h e  CIF Data Core and p r e p a r e d  by  
two s p e c i a l - p u r p o s e  computers  l o c a t e d  i n  t h e  CIF f o r  t r a n s -  
m i s s i o n  t o  MSFC v i a  t h e  40.8 k b s  d a t a  l i n k s .  MSFC r e c e i v e d  
da t a  i s  p r o c e s s e d  by t h e  Burroughs B5500 computer  f o r  d i s p l a y  
a t  HOSC. Data r e t r i e v a l  from t h e  C I F ' s  Data Core i s  c o n t r o l l e d  
by MSFC v i a  t h e  2 . 4  k b s  da ta  l i n k .  

LIEF i s  used  d u r i n g  s u c h  t e s t s  as OAT #1, OAT # 2 ,  
FRT, C D D T ,  CD and some s p e c i a l  t e s t s .  P r i m a r y  communicat ion 
w i t h  KSC i s  v i a  v o i c e  l i n k .  

b .  F a i l u r e  Impact  

F a i l u r e  of LIEF does n o t  i n t e r r u p t  t h e  l a u n c h  ope ra -  
t i o n s .  

LIEF i s  p r i m a r i l y  a m o n i t o r i n g  sys t em and i s  c l a s s i -  
f i e d  as h i g h l y  d e s i r a b l e .  No command l i n k  e x i s t s  between 
MSFC and KSC. However, f o r  c e r t a i n  A A P  e x p e r i m e n t s ,  where 
t h e  expe r imen t  r e s p o n s i b i l i t y  l i e s  w i t h  MSFC, a d d i t i o n a l  
command c a p a b i l i t y  might  become n e c e s s a r y  and w i t h  i t  a 
r e c l a s s i f i c a t i o n  of LIEF t o  mandatory .  

c .  A l t e r n a t e  Suppor t  

Redundant d a t a  p r o c e s s o r s  e x i s t  i n  t h e  CIF f o r  
r e t r i e v i n g  da ta  from t h e  Data Core.  However, no o t h e r  r e d u n d a n t  
equipment  i s  p r o v i d e d  i n  t h e  LIEF and HOSC s y s t e m s  and no 
a l t e r n a t e  s u p p o r t  c a p a b i l i t y  e x i s t s .  
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1 . 2 0  ETR Timing System 

a .  C o n f i g u r a t i o n  

The ETR Timing System p r o v i d e s  t i m i n g  t o  l a u n c h  
s i t e s  and i n s t r u m e n t a t i o n  s i t e s ,  i n c l u d i n g  t h e  ETR RTCS. 
The Timing System c o n s i s t s  o f  (1) t h e  c e n t r a l  t i m i n g  s t a t i o n  
a t  Cape Kennedy, ( 2 )  t h e  downrange c e n t r a l  t i m i n g  s t a t i o n s ,  
and ( 3 )  t h e  s u b c e n t r a l  t i m i n g  u n i t s  f o r  t h e  i n s t r u m e n t a t i o n  
s t a t i o n s  on t h e  F l o r i d a  main land .  Every c e n t r a l  t i m i n g  s t a t i o n  
g e n e r a t e s  i t s  own t i m i n g  code b y  means o f  r edundan t  p u l s e  
g e n e r a t o r s .  

O v e r a l l  s y n c h r o n i z a t i o n  i s  a c h i e v e d  t h r o u g h  (1) t h e  
WWV ne twork  t o  w i t h i n  t5 m i l l i s e c .  s i g n a l  c o r r e l a t i o n ,  ( 2 )  t h e  
Loran-C equipment  t o  w i t h i n  +lo0 m i c r o s e c . ,  or ( 3 )  t h e  s i g n a l s  
f rom t h e  ETR s u b c a b l e  t o  w i t s i n  - t 4 0  m i c r o s e c .  s i g n a l  c o r r e l a t i o n .  

The KSC t i m i n g  system i s  s y n c h r o n i z e d  w i t h  ETR 
a l s o  and has a d d i t i o n a l  s y n c h r o n i z a t i o n  c a p a b i l i t y  t h r o u g h  
WWV and Loran C. 

The s u b c e n t r a l  t i m i n g  u n i t s  r e c e i v e  t h e  t i m i n g  
s i g n a l s  f rom t h e  c e n t r a l  t i m i n g  s t a t i o n s .  The s u b c e n t r a l  
t i m i n g  u n i t s  p r o v i d e  t h e  t i m i n g  s i g n a l s ,  p o s i t i o n  i d e n t i -  
f i e r s  and p u l s e  r a t e s  t o  T e l e v i s i o n  and T r a c k i n g  Camera 
equ ipmen t .  

The RTCS i s  p a r t  o f  t h e  Range S a f e t y  System and  
p r o v i d e s  v e h i c l e  p o s i t i o n  d i s p l a y  and impact  p r e d i c t i o n .  

b .  F a i l u r e  Impact  

Loss  of ETR t i m i n g  d i s a b l e s  p r imary  KSC and down- 
r a n g e  s y n c h r o n i z a t i o n ,  which, however ,  d o e s  n o t  c r i t i c a l l y  
impac t  p r e l a u n c h  o p e r a t i o n s ,  l a u n c h  or f l i g h t .  

Loss  of  i n s t r u m e n t a t i o n  s i t e  o p e r a t i o n  ( T e l e v i s i o n  
and T r a c k i n g  Camera) i s  n o t  c r i t i c a l  e x c e p t  for s p e c i a l  
m i s s i o n  r e q u i r e m e n t s .  

Loss  of  RTCS o p e r a t i o n  i s  c r i t i c a l  w i t h  r e g a r d  t o  
r a n g e  s a fe ty  o p e r a t i o n s  and for p r o v i d i n g  i n f o r m a t i o n  t o  ALDS. 
( S e e  S e c t i o n  3 . 2 1 . )  

c .  A l t e r n a t e  Suppor t  

The ETR t i m i n g  s y s t e m  i s  d e s i g n e d  t o  o p e r a t e  i n  
a r e d u n d a n t  s t a n d b y  mode. If p r i m a r y  and secondary  equipment  
i s  l o s t ,  p r i m a r y  c e n t r a l  t i m i n g  i s  a v a i l a b l e  a t  t h e  downrange 
s i t e s  and a l t e r n a t e  s y n c h r o n i z a t i o n  i s  p r o v i d e d  t h r o u g h  Loran  C 
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and WWV equipment .  T h i s  a p p l i e s  t o  KSC t i m i n g  a l s o ,  where 
CIF p r o v i d e s  t h e  p r imary  c e n t r a l  t i m i n g ,  and s y n c h r o n i z a t i o n  
i s  a c h i e v e d  t h r o u g h  WWV and Loran C .  No backup c a p a b i l i t y  i s  
p r o v i d e d  f o r  d r i v i n g  t h e  s u b c e n t r a l  t i m i n g  u n i t s  and t h e i r  
a s s o c i a t e d  i n s t r u m e n t s  which,  however,  a re  n o t  l a u n c h  c r i t i c a l .  

1 . 2 1  Range S a f e t y  System 

a .  C o n f i g u r a t i o n  

The Range S a f e t y  System p r o v i d e s  v e h i c l e  p o s i t i o n  
and v e l o c i t y  i n f o r m a t i o n  from l a u n c h  t h r o u g h  burnou t  or 
a t t a i n m e n t  o f  o r b i t a l  s p e e d .  T r a c k i n g  data i s  used  t o  com- 
P a r e  t h e  a c t u a l  w i t h  t h e  nominal  t r a j e c t o r y  and t o  compute 
i n s t a n t a n e o u s  impact  p r e d i c t i o n .  S i g n a l s  f o r  f l i g h t  c o n t r o l  
o r  emergency d e s t r u c t  a r e  i s s u e d  by  t h e  ETR Command and 
Launch System. 

P r i n c i p a l l y ,  t h e  Range S a f e t y  System c o n t a i n s  
equipment  f o r  v e h i c l e  t r a c k i n g ,  data  p r o c e s s i n g ,  data d i s p l a y ,  
data r e c o r d i n g  and command c o n t r o l .  

The p r i n c i p a l  t r a c k i n g  equipment  f o r  S a t u r n  v e h i c l e s  
c o n s i s t s  o f  t h e  C-Band Radar System, o p e r a t i n g  i n  a r e d u n d a n t  
c o n f i g u r a t i o n .  

The data  p r o c e s s i n g  equipment  i n c l u d e s  two C D C  3600 
c o m p u t e r s ,  l o c a t e d  i n  t h e  Cape Kennedy I n d u s t r i a l  Area. The 
d i s p l a y  and r e c o r d i n g  equipment i n c l u d e s  p l o t t i n g  c h a r t s ,  
t e l e v i s i o n  d i s p l a y s ,  p r i n t e r s  and  t a p e s .  ETR p r o c e s s e d  data  
i s  a v a i l a b l e  i n  t h e  Range S a f e t y  C o n t r o l  C e n t e r  l o c a t e d  a t  
t h e  Cape Kennedy I n d u s t r i a l  Area and  i n  t h e  CIF for d i s t r i -  
b u t i o n  t o  t h e  L C C ' s  o f  LC 34, LC 37 and LC 39 and f o r  ALDS 
and  LIEF. The Command and C o n t r o l  System c o n t a i n s  t h e  FRW-2 
U H F  t r a n s m i t t e r s ,  which o p e r a t e  i n  a s t a n d b y  c o n f i g u r a t i o n  
w i t h  a u t o m a t i c  s w i t c h o v e r  c a p a b i l i t y .  

b .  F a i l u r e  Impact  

F a i l u r e  o f  t h e  Range S a f e t y  System d i s a b l e s  t h e  
c a p a b i l i t y  for p r e d i c t i n g  impact  l o c a t i o n s  or d e t e r m i n i n g  i n  
l i m i t  f l i g h t  per formance  for s a f e t y  p u r p o s e s .  

O p e r a t i o n  o f  t h e  Range S a f e t y  System i s  mandatory 
f o r  a l l  i n t e g r a t e d  p r e l a u n c h  t e s t s ,  l a u n c h  and powered f l i g h t .  

C .  A l t e r n a t e  Suppor t  

A l l  p r i n c i p a l  equipment o f  t h e  Range S a f e t y  System, 
i n c l u d i n g  t h e  means f o r  t r a c k i n g ,  da ta  p r o c e s s i n g ,  d i s p l a y  
and  command c o n t r o 1 , a r e  p rov ided  i n  r edundan t  c o n f i g u r a t i o n .  
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I n  c a s e  o f  l o s s  o f  any sys t em f u n c t i o n ,  no means f o r  p r o v i d i n g  
t h i s  f u n c t i o n  i s  a v a i l a b l e  o t h e r  t h a n  b y  t h e  s p e c i f i c  
equipment  and i t s  a l t e r n a t e .  

1 . 2 2  H a r d l i n e  Communications S y s t e m  

a .  C o n f i g u r a t i o n  

F i g u r e  2 d e p i c t s  t h e  h a r d l i n e  s y s t e m  which p r o v i d e s  
d i s t r i b u t i o n  and s w i t c h i n g  f o r  a l l  da ta ,  i n c l u d i n g  t i m i n g  
s i g n a l s ,  v e h i c l e  checkou t  and l a u n c h  i n f o r m a t i o n ,  a c q u i -  
s i t i o n  and t r a j e c t o r y  i n f o r m a t i o n ,  command and c o n t r o l  s i g n a l s ,  
01s and T e l e v i s i o n .  I t  a l s o  i n c l u d e s  t h e  i n t e r f a c e  l i n k s  t o  
ETR, MSC, MSFC, GSFC (MSFN), commercial  communication and 
p a g i n g  s y s t e m s .  The p r i n c i p a l  t r a n s m i s s i o n  equipment  i n c l u d e s  
(1) t h e  wideband da ta  l i n k s  ( A 2 A )  used  f o r  TV, OIS, DDAS, ACE- 
SC, and  TM exchange between LCC/CIF/USB s t a t i o n  and ETR and 
( 2 )  t h e  h i g h  speed  t e l e p h o n e  l i n e s  (19 gauge)  used  f o r  ( a )  t h e  
t i m i n g  sys t em ( b )  t h e  broad-band TM ( 4 0 . 8  k c )  f o r  ALDS, LIEF, 
and  downrange c a b l e ,  ( c )  F l i g h t  TM and Command C o n t r o l  ( 2 . 4  k c )  
be tween Launch Complex, I n d u s t r i a l  Area ,  USB-s ta t ion  and GSFC; 
and  ( d )  s u c h  a n c i l l a r y  f u n c t i o n s  as  t e l e t y p e  and  f a c s i m i l i e .  

All t r a n s m i s s i o n  l i n e s  i n t e r f a c e  w i t h  t h e  CDSC, 
which p r o v i d e s  f o r  c r o s s - c o n n e c t i n g  t h e  incoming and o u t g o i n g  
l i n e s .  

A d d i t i o n a l  c r o s s - c o n n e c t i n g  f a c i l i t i e s  a r e  p ro -  
v i d e d  i n  t h e  VAB; a l l  A 2 A  l i n e s  f rom and t o  LC-39 are  
r o u t e d  v i a  t h i s  r e p e a t e r .  

The  i n t e r f a c e p o i n t  f o r  a l l  c i r c u i t s  between KSC 
and ETR i s  p r o v i d e d  a t  t h e  BRR S t a t i o n .  

b .  F a i l u r e  Impact  

A v a i l a b i l i t y  of communication l i n k s  between Launch 
Complex f a c i l i t i e s ,  MSOB, C I F ,  USB-Stat ion,  ETR, GSFC (MSFN) 
and  MCC-H i s  mandatory f o r  countdown and l a u n c h .  

C a t a s t r o p h i c  e v e n t s  ( f i r e ,  power f a i l u r e )  i n  c e n t r a l  
equipment  and r e s u l t i n g  l o s s  of  such  f a c i l i t i e s  on t h e  CDSC 
c a n  d i s a b l e  a l l  communications v i a  h a r d l i n e s .  O t h e r  p o i n t s  
o f  c o n c e n t r a t e d  f a i l u r e  impact  a r e  t h e  BRR and VABR. 

C .  A l t e r n a t e  Suppor t  

Each group of communications c i r c u i t s  c o n t a i n  a t  
l e a s t  one s e t  of s p a r e  equipment ,  t o  which t h e  f u n c t i o n  o f  
a f a i l i n g  c i r c u i t  ban b e  s w i t c h e d .  A t  t h e  p r e s e n t  t i m e ,  
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f a i l u r e  of  a c i r c u i t  i s  p r e s e n t e d  a u t o m a t i c a l l y ,  p a t c h i n g  
t o  an  a l t e r n a t e  c i r c u i t  o c c u r s  manua l ly .  T h i s  o p e r a t i o n  c a n  
r e q u i r e  c o n s i d e r a b l e  t i m e ,  p a r t i c u l a r l y ,  i n  c a s e  o f  c i r c u i t  
f a i l u r e  i n  t h e  l a u n c h  areas and d u r i n g  p h a s e s  o f  "Pad Clear" 
or " L i m i t e d  Access"  o p e r a t i o n s .  T h i s  c i r c u m s t a n c e  has 
i n i t i a t e d  e f f o r t s  t o  p r o v i d e  f o r  a u t o m a t i c  s w i t c h o v e r  c a p a b i l i t y .  

open-loop l i n k s .  
A d d i t i o n a l  communications e x i s t  t o  some e x t e n t  v i a  

1 . 2 3  Open Loop Communications System 

a .  C o n f i g u r a t i o n  

Open-loop f a c i l i t i e s  are  p r o v i d e d  a t  (1) t h e  CIF t o  
a c q u i r e  SV TM checkou t  and F l t .  TM data ,  ( 2 )  t h e  LCC t o  
a c q u i r e  LV TM data and  Voice ,  ( 3 )  t h e  MSOB t o  a c q u i r e  SC TM 
data and V o i c e ,  ( 4 )  t h e  USB-Station t o  r e c e i v e  b o t h  TM da ta  
and  Voice and t o  t r a n s m i t  command and u p d a t e  i n f o r m a t i o n ,  and 
( 5 )  E T R ' s  FRW 2 equipment  t o  t r a n s m i t  command s i g n a l s  as  p a r t  
o f  t h e  Abort  Advisory  and Emergency D e s t r u c t  Sys tems.  ( S e e  
F i g u r e  1. ) 

b .  F a i l u r e  Impact  

F a i l u r e  o f  t h e  open-loop communicat ion sys t em d i s -  
ab l e s  A C E  checkou t  c a p a b i l i t y  of t h e  ground and f l i g h t  s y s t e m s  
i n  t h e  m i s s i o n  c o n f i g u r a t i o n .  

A l l  open-loop equipments  are mandatory f o r  p l u g s - o u t ,  
FRT, CDDT and s p e c i a l  RF t e s t s ,  and d u r i n g  countdown and l a u n c h .  

c .  A l t e r n a t e  Suppor t  

TM c a n  b e  r e c e i v e d  v i a  S-Band a t  t h e  CIF and USB- 
S t a t i o n s .  VHF equipment  i s  a v a i l a b l e  a t  t h e  LCC and CIF TM 
s t a t i o n s ,  t h e  USB s i t e  and a t  T e l  I1 (ETR)  and T e l  I V .  

No a l t e r n a t e  s u p p o r t  i s  a v a i l a b l e  f o r  t h e  USB u p d a t e  
o r  command l i n k s .  ( S e e  S e c t i o n  1 .18  a l s o . )  
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ATTACHMENT 2 

LIST Cr' ABBREVIATIONS 

AAP 
ACE-SC 
AFETR 
AGC 
ALDS 
ALTDS 
BRR 
CASTS 
CCATS 
CD 
CDDT 
CDSC 
CIF 
CKAFS 
CRT 
CSM 
DCS 
DDAS 
DEE 
DTS 
ECS 
EDS 
ELLSE 
ESE 
ETR 
FRT 
G&C 
G&N 

Apollo Applications Program 
Acceptance Checkout Equipment-Spacecraft 
Air Force Eastern Test Range 
Apollo Guidance Computer 
Apollo Launch bata System 
Apollo Launch Trajectory Data System 
Banana River Repeater 
Countdown and Strkus Transmitting System 
Communications Command and Telemetry System 
Countdown 
Countdown Demonstration Test 
Communication Distribution and Switching Center 
Central Instrumentation Facility 
Cape Kennedy Air Force Station 
Cathode Ray Tube 
Command Service Module 
Digital Command System 
Digital Data Acquisition System 
Digital Events Evaluator 
Data Transmission System 
Environmental Control System 
Emergency Destruct System 
Electronic Skyscreen 
Electrical Support Equipment 
Eastern Test Range 
Flight Readiness Test 
Guidance and Control 
Guidance and Navigation 
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GMT 
GSE 
GSFC 
HOSC 
IU 
KSC 
LC 
LC A 
LCC 
LIEF 
LOX 
LUT 
LV 
LVDC 
LVO 
MCC-H 
MILA 
MOCR 
MOCS 
MSOB 
MSR 
OAT 
ODOP 
01s 
PTCS 
RCS 
RTCS 
sc 
SFT 
SIT 
TCS 
TM 
UHF 
USB 
VAB 

Greenwich Mean Time 
Ground Support Equipment 
Goddard Space Flight Center 
Huntsville Operations Support Center 
Instrument Unit 
Kennedy Space Center 
Launch Complex 
Local Communications Area 
Launch Control Center 
Launch Information Exchange Facility 
Liquid Oxygen 
Launch Umbilical Tower 
Launch Vehicle 
Launch Vehicle Digital Computer 
Launch Vehicle Operations 
Mission Control Center-Houston 
Merritt Island Launch Area 
Mission Operations Control Room 
Mission Operations Computer System 
Manned Spacecraft Operations Building 
Mission Support Room 
Overall Test 
Offset Frequency Doppler 
Operational Intercom System 
Propellant Tanking Computer System 
Reaction tontrol ,?ystem 
Real Time Computer System (ETR) 
Spacecraft 
Simulated Flight Test 
Software Integration Test 
Terminal Countdown Sequencer 
Telemetry 
Ultra High Frequency 
Unified S-Band 
Vehicle Assembly Building 
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VABR VAB R e p e a t e r  
VLF Very Low Frequency 
w w v  N a t i o n a l  Bureau of S t a n d a r d s  T r a n s m i t t e r ,  

B e l t s v i l l e ,  Maryland 


